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Great  Lakes, 

The  serological  diagnosu  of  mdhingococ* 
cal  meningitis  has  been  studied  by  a  number 
of  workers  during  the  past  60  years  using 
the  precipitin  test  (1),  bactericidal  and  ag* 
glutination  test  (2),  and  opsonin  test  (3). 
Additional  epidemiological  information  on 
meningococcal  meningitis  has  been  obtained 
by  fermentation  and  agglutination  reac> 
tions  of  isolates  from  the  patient  and  his 
contacts  (4),  The  complement  fixation 
(CF)  test  has  seldom  bean  used  for  the 
diagnosis  of  meningococcal  meningitis.  Cruick- 
shank  (5)  was  one  of  the  first  to  use  the 
CF  test  for  the  diagnosis  of  meningococ¬ 
cal  disease.  Ross  and  Stevenson  (6)  assessed 


imnais  MOSS 

the  use  of  the  CF  test  in  diagnosing  men¬ 
ingococcal  ‘aseptic*  meningitis.  Recently,  the 
cell  wall  has  been  used  as  a  CF  antigen  by 

*T1)is  study  was  done  in  connection  with  Re¬ 
search  Project  No.  M  4305.01-1001,  Bureau  of  Med¬ 
icine  and  Surgery,  Navy  Department,  Washington, 
D.  C.  The  opinions  and  assertions  contained  hereia 
are  those  of  the  authors  and  are  not  to  be  con¬ 
strued  as  official  or  as  reflecting  the  views  of  the 
Navy  Department  or  the  Naval  Service  at  large. 

The  experiments  reported  herein  wen  conducted 
according  to  the  prindples  enunciated  in  “Guide  for 
Laboratory  Facilities  and  Care”  prepared  by 
the  Committee  on  the  Guide  for  Lateratory  Ani¬ 
mal  Resources,  National  Academy  of  Scfertces — 
National  Research  Council. 
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SnbotB  and  VaAm  (7).  The  aatigeitt  uied 
by  tkaie  Imeedfitan  were  eooiewhet  gronp- 
^ledAc,  bat  lacked  hroad  group  ^led&city. 

TVs  report  deacrB)ei  a  met^  for  pro- 
ducfaig  a  potent  CF  antigen  iHiich  was  easi> 
Ijr  prodnoed  in  large  quantities,  not  antlcom- 
phinentary,  and  reacted  specifically  with 
antaera  to  Ntitseria  species  in  hi^  titer. 
Coasparison  was  also  made  between  serocon- 
venim  eaoplasriag  this  CF  antigen  and  bac¬ 
terial  isoiatteas  from  recruits  at  the  Naval 
Tiaiidng  Center,  Great  Lakes,  Illinois. 

MaUriaU  amd  Methods.  Aatigem  prefara- 
tiam.  Seissena  weiiMfMdu  groups  A  (CI^),* 
B  (16B6),*  C(FTS-5),*  and  strains  Bo* 
(8,9),  29E,*  B  (Scarborough),*  135,*  and 
Z*  (10)  were  u^  in  preparing  tte  CF 
antigens.  One  nd  of  each  group  of  an  8-hour 
culture  grown  in  Mudkr-Hinton  broth  (DH- 
00)  was  inoculated  separately  into  250  ml 
of  Mudkr-Hintoa  broth,  incubated  for  18 
hours  at  37‘’C  in  a  Feycrotberm  Incubator- 
Shaker*  (170-200  rotatkms  a  minute)  in 
nonnal  atmosphere  (11).  The  cultures  were 
then  killed  with  a  final  concentratioo  of  1% 
beta  prapiolactone  overnight  at  6°C.  The 
sigwraatant  fluid  recovered  after  centrifuga- 
tion  (600g)  was  saturated  with  ammonium 
sulfate  oystab  (510  gm/liter)  and  allowed  to 
set  overniglit  at  6°C  with  an  occasional  shak- 
ing.  The  sediment  from  each  250  ml  of  origin¬ 
al  culture  was  collected  after  centrifugation 
(lOOOg)  and  resuspended  in  40  ml  of  0.15  M 
NaCI  (saline).  This  crude  material  was  dialyz¬ 
ed  against  esceas  amounts  of  saline  until  free  of 
ammonium  sulfate  (24-48  hours).  This 
material  was  the  CF  antigen.  Further  crotri- 
fugatioa  reduced  turbidity,  but  a  4-fold  loss 
in  potency  occurred.  The  turbidity  of  the 
cru^  antigen  did  not  interfere  with  deter¬ 
mining  the  CF  end  points.  Therefore,  the 
crude  antigen  was  used  for  the  data 
presented  in  thb  report.  Tests  for  antigen 

*  Stock  caltaKi  obtained  from  N.  Verdoi,  LT 
use  OSN,  NAICKU-I,  Onklaad,  CaHforaia. 

*StaiM  wwHled  by  Dr.  M.  Artenstein,  WKAIR, 
Womiiwtoe.  D.  C. 

*  Stnia  Mated  from  udeal  Sold  auppUed  by  one 
of  Iheamhea(LrD). 

*  Now  Bnineerkk  SdenlUc  Company,  New  Bnme- 
wkk,  New  Jeney. 


anticonqileinentarineu  and  potency  were 
performed  by  standard  procedures  (12) 
adapted  to  the  microtechnique  (13).  Two 
ezact  units  of  complement  were  used.  The 
primary  incubation  was  for  18  hmirs  at  6°C. 

ReensU  sere.  Bhmd  was  collected  from 
recruits  upon  entering  recruit  training,  at  5 
we^  and  at  9  we^  of  training.  Also,  re¬ 
cruits  who  were  admitted  to  the  Naval  Hos¬ 
pital,  Great  Lakes  with  the  clinical  diagnosis 
of  meningitis  were  bled  upon  admission 
and  at  approzimately  we^y  intervals  for  at 
least  4  weeks.  Nasopharyngeal  and  spinal 
fluid  cultures  for  N.  meamgituUs  were  also 
made  on  e;  -*cniit  upon  admission  to  the 
hospital.  '  'ra  were  separated  from 

clotted  blo>  I  stored  at  — 20°C  untfl 

tested. 

Hyperimmtme  rabbit  serum.  Hyperim¬ 
mune,  group-qtedfic  antisera  were  obtained 
from  Difeo  JV.  menmgitidis  group  A  Lot  No. 
499231,  group  B  Lot  No.  512116  and  group 
C  Lot  No.  511599.  Hyperimmune  rabbit  sera 
for  y.  menmgitidis  strains  Bo,  135,  29E,  and 
Z  were  made  in  this  laboratory  using  the 
following  procedure:  the  meningococci  were 
grown  in  Mueller-Hinton  broth  as  described 
for  nsaking  CF  antigen.  The  cells  were 
harvested  after  6-hoars  incubation,  washed 
once  in  saline,  and  resuspended  in  0.5% 
formaldehyde  in  saline.  New  Zealand  white 
rabbits  were  inoculated  intraperitoneally 
(i.p.)  with  1  ml  (10*  organisms)  Monday, 
Wednesday,  and  Friday  of  the  first  week;  at 
similar  intervals  with  10^  organisms  during 
the  second  and  third  weeks;  permitted  to 
rest  one  week;  tlien  inoculated  with  1  ml  of 
10*  viable  organisms  intravenously  (i.v.) 
each  we^  until  the  rabbits  develop^  a  sat¬ 
isfactory  antiserum  for  the  slide  bacterial 
agglutination  test.  Rarely  were  more  than  2 
i.v.  injections  required  More  a  hi^  titered 
antiserum  was  obtained.  Hyperimmune  N. 
goHorrkoeae  rabbit  serum  was  supplied  by 
William  Peacock,  Jr.,  Veneral  Disease 
Research  Laboratmy,  CDC.  Hyperimmune 
Hemofhdsss  mpuenaae  and  Diplococau 
pneumoniae  antisera  were  Lot  Nos.  496278 
and  497496,  respectivriy,  from  Difeo.  Sera 
from  patients  with  SalmoneRa  typki  disease 
were  siq)(died  by  Miss  Jean  Kodiler,  State 
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TABLX  I.  ComplameBt  FiutioB  Titen*  of  Voriom  HTperimmimo  If.  mtnfmfUUki 

Aatiaora  Uiisf  AatigoB  Prepared  from  DiCereat  N.  meni*gitidis  Oroape  aad  Btraiaa. 


CF  aatigeB  proparod  from  if.  meniagiUdis  groups  —d  stnias 
(4  antigsa  units/nnit  Tolnme) 

laiomBdi  leiiim 

A 

B 

C 

Bo 

29E 

136 

Z 

.V.  mcniapiMdw  groap  A 

128 

128 

128 

64 

128 

44 

128 

groapB 

128 

284 

128 

256 

264 

254 

256 

groap C 

44 

44 

44 

128 

64 

254 

254 

otraiaBo 

44 

128 

84 

128 

128 

254 

256 

strain  80E 

128 

512 

128 

128 

128 

612 

258 

straiaZ 

44 

128 

44 

84 

64 

256 

258 

■train  13d 

44 

44 

44 

64 

82 

128 

258 

jr .  gonorrboses 

82 

44 

32 

64 

64 

32 

U 

N.MtarrhaNs 

ND* 

14 

16 

16 

32 

32 

ND 

N.  flora 

32 

14 

64 

64 

44 

44 

ND 

S.flaottetio 

32 

44 

44 

32 

64 

44 

ND 

y.tieea 

32 

14 

32 

82 

16 

32 

ND 

y.ptrflana 

14 

18 

64 

44 

128 

44 

ND 

N.  tab  flora 

ND 

32 

64 

82 

32 

64 

ND 

D.  fotumeoiae 

4 

<4 

4 

4 

8 

<4 

4 

B.lmflmmtrat 

<4 

4 

4 

<4 

8 

4 

<4 

S.ttpU 

(Oi=l:3530;H=:l;80) 

4 

4 

8 

4 

4 

4 

2 

8.  tfpU 

(0=1:440;  H  =  l:5m) 

4 

4 

4 

4 

4 

4 

4 

*  The  reciprocal  ol  iaitial  dilutioa  of  •emm  abowing  a  4+  ftxatioa. 

*  Not  doae. 


Ldbontoiy  of  Hygiene,  Madison,  Wiscon¬ 
sin.  All  human  and  rabbit  sen  were  heated 
at  S6°C  just  prior  to  testing. 

N.  meningitidus  isolation.  Nasofdiarynge- 
al  cultures  were  taken  with  a  bmt  cotton 
swab  and  inoculated  immediately  on  Muel- 
ler-Hinton  medium  (Difco)  containing  10 
fig/ml  of  ristocetin  (Difco)  and  25  units/ml 
of  polymyxin  B.  Culture  media  were  main¬ 
tained  above  SO'C  in  an  insulated  box  during 
transport  to  the  labomtory.  The  inoculum 
was  then  streaked  with  a  bacteriological 
loop  for  isolation  of  colonies  and  incubated 
for  18-24  hours  in  5%  CO*  atmosphere  at 
37“C.*  Organisms  from  colonies  morphologi¬ 
cally  resembling  N.  menii^itidis  were  tested 
by  slide  agglutination  using  groups  A,  B, 
C,  and  D  rabbit  antisera  (CDC)  and  rabbit 
antisera  prepared  in  this  laboratory  for  the 

*  If  odd  1237  Hotpack  Incubator,  Hotpack  Coip., 
Phaad«lpkk,Paaa. 


"nontypable”  meningococcal  strains.  AU  iso¬ 
lates  a^utinating  as  N.  menmpfidis  were 
confirmed  as  such  by  the  usual  sugar  fer¬ 
mentations  and  oxidase  tests. 

Resnlts.  The  genus  qredfidty  of  the  CF 
antigen  is  shown  in  Tables  I  and  H. 
Antigens  were  extracted  from  3  groups  and 
4  strains  (nontypables)  of  N.  meningilUit. 
An  antigens  fix^  complement  with  7  JV. 
meningitidis  antisera  and  antisera  to  7  other 
species  of  the  Genus  Neisseria.  AH  titers 
were  within  the  limitation  of  error  of  the 
test  except  2  which  were  1-tube  dOutioa 
outside  tte  acceptable  range  of  error.  The 
antisera  to  D.  fneumotdae,  H.  ktUssessaae,  S. 
typki  O  and  H  antigens  fixed  complement 
at  a  titer  of  1:8  or  less. 

The  sera  from  3  recruits  who  became  car^ 
riers  of  N.  meningitidis  strain  Bo  during 
recruit  training  were  tested  for  CF  antibody 
with  antigens  from  each  of  S  different  groigM 
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TABUS  n.  OHiflMMat  flaatlMi  Tit«i*  tt  TuioM  Pi^aiatiou  of  W.  OF 

AiMgii  UAag  WMiligiM  aal  HatantofoM  Bjfmimmmm  BabUt  If.  aMaSa^ittfi*  Oraapa 

aaiBlniaak 


_ 

or  aatigaa  piapand  ftoat  If.  aaaaktgUMa  groops  aad  itraias 

A 

B 

c 

Bo 

ttB 

Its 

z 

JT.  BHategMtfit  gro^  A 

Itt 

Itt 

Itt 

44 

44 

44 

Itt 

grmwB 

IM 

ttO 

Itt 

tS4 

tt4 

tS4 

tS4 

gia^O 

•4 

44 

Itt 

Itt 

44 

Its 

Its 

sliaiaBo 

it 

Itt 

44 

Itt 

44 

Its 

Itt 

atafaWB 

IM 

Sit 

Itt 

Itt 

Sit 

ess 

sie 

■MalH 

44 

44 

44 

44 

44 

lU 

ess 

stratal 

44 

Itt 

44 

44 

44 

t64 

sie 

y.gsaorrhooaa 

44 

tte 

44 

44 

Sit 

ess 

ess 

‘TIm  taalpaaeal  at  tka  Ufkaat  dilatieB  at  aatigaa  ihowiBC  a  4+  flsatiOB  in  the  preaeaee  of 
4  OF  aatta  of  aatlbadj. 


or  ftraini  ol  S.  maaimgiMit  (Table  lU). 
The  dter  of  eocb  eernm  agaiMt  eadi  of 
S  antigCM  were  faamttoHy  identical.  Sen 
fnm  4  recndti  iriu  had  Hinical  meningitis 
mte  tested  against  6  CF  antigens,  and 
showed  tibe  same  aeraccaponse  to  each  of  the 
antigens  (Table  IV).  These  data  indicate 
that  hf  the  seventh  day  poat-haapitalisatkm 
for  mewfaigoroccal  diseaef,  a  substantial  in> 
crease  in  antibody  titer  is  tiwrvn  with  a 
peak  titer  ouuning  by  day  21.  Two  of  these 
caaes  were  due  to  N.  s*eiiiw|frtdir  group  C, 
one  was  due  to  strsia  Bo,  and  one  (No 
749)  had  no  isolate.  Ead  antigen  rras  made 


fmn  a  different  S.  memmgitidh  groiq>  or 
strain. 

The  corrdatioa  of  4-fold  or  greater  in¬ 
crease  in  titers  to  CF  antigen  with  acquisi¬ 
tion  of  tf.  meniagtSMir,  as  determined  by 
isolation,  is  shorm  in  Table  V.  The 
corrdatkm  is  highly  significant  (P=  <.0001). 

Diicusskm.  The  appearance  of  specific 
antibody  during  convalescence  from  men¬ 
ingococcal  disease  rras  described  by  Thomas 
et  of.  (2)  Studies  have  shown  that  the 
arquisition  of  meningococcus  in  the  naso- 
phaiyiu  is  foQowed  by  the  devdopment  of 
menhigOGOccal  antibody  (7,  14,  15).  These 


TABLB  in.  OonpariMB  of  ComplooMet  rtzatioa  Beram  Aatibody  Titan*  of  Norj  Boerait 
OanUn  of  IT.  awatafttMit  Stiaia  Bo  XStbag  5  Oowplwanat  lUag  AnUgeas. 


OF  satifOBS  for  tr.  flwaiapMMb  groapo  or  itniaa 


•tady 

rooiaitao. 

Womta 

traiaiag 

Buipl0 

M. 

ttB 

C 

B 

(SoaiboroBgfc) 

B(14B4) 

Bo 

ion 

1 

1:4 

<1:4 

<1:4 

<1:4 

<1:4 

S 

t 

1:4 

<1:4 

<1:4 

<1:4 

1:4 

4 

1 

1:44 

l:St 

l:se 

1:44 

1:44 

1440 

4 

1 

<1:4 

<1:4 

<1:4 

<1:4 

<1:4 

S 

t 

1:44 

l;tt 

1:44 

1:44 

l:tt 

t 

1 

1:U 

1:14 

l:St 

1:SS 

1:14 

list 
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1 

<1:4 

<1:4 

<1:4 

<1:4 

<1:4 

s 

t 

<1:4 

<1:4 

<1:4 

<1:4 

<1:4 

4 

1 

1:14 

1:14 

l:tt 

l:tt 

1:14 

*B«nm  IHmb  as  Iho  rodprooal  of  tto  highoat  dUstioa  giviag  a  4+  tiatioa  ia  tho 
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TABLB  IT.  OompuiaoB  of  Cempkaunt  Tizotioa  Semm  Aatibody  Titen*  in  Nmy  Baendto 
with  ClUnknl  Ifooingitia,  Ukag  S  Complement  TiutiiHi  Antigeae. 


Patiaat 

Sampla  poat- 
admimioa  day 

CF  aatigaai  from  If.  awahiplMdl*  groopa  or  atraiaa 

A 

B 

C 

89E 

188 

Bo 

2M 

0 

< 

4 

4 

4 

4 

4 

10 

128 

286 

128 

286 

286 

128 

19 

288 

128 

128 

Its 

128 

188 

81 

84 

64 

128 

64 

64 

64 

821 

0 

< 

<4 

<4 

<4 

4 

<4 

7 

8 

16 

16 

8 

8 

8 

14 

82 

64 

64 

64 

64 

64 

21 

82 

64 

64 

64 

82 

64 

782 

0 

< 

<4 

<4 

<4 

4 

<4 

7 

82 

64 

128 

64 

64 

64 

14 

82 

64 

128 

64 

82 

64 

21 

82 

64 

128 

32 

64 

64 

749 

0 

< 

<4 

<4 

S>4  ”• 

<* 

<4 

7 

4 

4 

4 

4 

4 

4 

14 

64 

128 

128 

128 

64 

64 

21 

82 

64 

64 

64 

82 

64 

*  Bedpioeal  of  the  higfaeet  dilation  of  eerum  giving  &  4+  flzntion. 


data  suggestad  that  more  ectensive  investi¬ 
gation  of  the  meaingococcal  antibody  level 
of  the  serum  may  contribute  to  the  under¬ 
standing  of  the  epidemiology  of  meningococ¬ 
cal  disease.  The  CF  antigen  described  in 
this  r^rt  seems  to  possess  the  sensitivi^ 
and  the  group  specificity  required  of  an  an¬ 
tigen  to  be  cm|rioyed  in  epi<kmk>logical 
studies.  This  is  supported  by  the  results  in 
Tables  ni  and  IV.  These  data  indicate  that 

TAB1>E  V.  Comparinn  of  CT  fl.  mewimgmiit 
Soroeonverkon**  to  loolntiono  in  n  Boerait  Com¬ 
pany  in  Training  from  S  Sept  to  10  Nov.  1907.* 


CF  aoroeoBTertiooa 

Potitive 

Nogativo 

laolato 

48 

10 

Noioolata 

8 

10 

*  A  4-fold  or  greater  riee  in  antibody  titer. 

*  Bacterial  sampling  was  made  only  at  the  times 
of  reporting  to  and  gradoating  from  reernit  train¬ 
ing;  64%  of  the  reeroite  seroeooTerted  betwem  the 
Sfth  and  ninth  weeh  semm  sample,  indicating  ae- 
qnisitioa  late  in  training  and  perhaps  not  "'ifleient 
time  for  antibody  to  be  prodneed  before  the  Anal 
semm  sample  was  tahesL 


antibody  to  N.  memugitidis,  iHietlier  as  a 
result  of  carrier  status  or  overt  disease, 
reacts  equally  with  the  CF  antigen  de¬ 
scribed  in  thb  report,  regardless  of  the  N, 
Mensngtttdtr  group  from  which  the  antigen 
was  made.  Also,  more  than  3000  recruit  sera 
have  been  tested  with  this  antigen  and  with 
a  battery  of  14  bacterial  and  viral  antigens. 
The  serological  response  to  N.  moimgitidis 
was  independent  of  respmises  to  viruses  and 
bacteria  (15).  The  latter  infections  were  due 
to  adenovirus  types  4  and  7,  influenaa  A 
and  B,  rhiiMvirus,  M.  fHomcnite  and 
streptococci. 

Complement  fiaation  tests  with  the  anti¬ 
gen  described  can  now  conqileinent  the  group- 
specific  indirect  hemagglutiiuition  (IRA) 
test  (11).  This  would  permit  eramlnit^ 
large  popuiations  for  AT.  memmgitidlt  in¬ 
fection  eaporience  without  the  more  com¬ 
plex  and  laborious  support  required  by  men¬ 
ingococcal  isolates  (15).  The  CF  test  would 
serve  as  a  screening  test  for  irnddence  of 
infection  and  the  IHA  test  would  identify 
those  groups  that  were  present 

This  approach  shoiM  assist  in  answering 
the  questkms  concerning  meningococcol  in- 
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fKtioH  aad  iWuMi  powd  by  Thomu  tt 
(2).  TbiM  quwtio—  icbtad  to  (t)  wbot 
ft,  and  Nhat  time,  aatfliodiee  era  pro- 
daced  foDoerfag  aeeaiacoooocal  infection, 
(b)  by  abat  eeralogicBi  teat*  eudi  anti- 
bodtae  amy  watt  ooadstently  be  demoe- 
mialad,  (c)  etet  oomdation,  if  any,  eiists 
between  the  devdopment  of  antibodiee  and 
and  factoea  as  tbe  aeverity  of  infection,  die 
rapidi^  of  recoeeiy,  or  die  biological  ebar- 
acterirtka  of  tbe  infecting  otganiam,  and 
(d)  vbat  leeda  of  antibody  an  to  be  found 
ta  dm  blood  of  carriera  and  normal  indivkhi- 
ata  ia  an  epldeaaic  area. 

Smmmwy.  A  abaple  metbod  tor  preparing 
an  N.  meidagWdti  complement  and- 
gCB  ia  deacribed.  Hj^perimamne  labUt  S. 
mnimgUUb  andaeran  reacted  approximate* 
]y  nme  vitb  CF  antigens  made  from 
several  S.  wnelwfiddli  groopa  or  strains. 
Kacraits  known  to  have  become  infected 
with  If.  anrwlwffrtdfj  strain  Bo  during  recruit 
train  tag  dww  equal  serological  responses 
to  CF  aadgeas  made  from  different  N.  mm- 
jaikUh  groups  or  strains.  Furtber,  4  reendts 
edm  were  admitted  to  tbe  boapital  witb 
cBnical  meningids  also  seroconverted  equal¬ 
ly  to  any  1  of  6  different  If,  memagltidu 
CF  antigens.  Increase  in  CF  dter  (4-fold  or 
greater)  to  If.  meaimtithUs  oorrdated  dg- 
nttcandy  with  aoqidsidon  of  meningococcus 
in  tbe  nasophaiyns  as  determined  by  bac¬ 
terial  isoUdons. 
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antigen  is  described.  Hyperimmune  rabbit  N.  meningitidis  antiserum  re¬ 
acted  approximately  the  same  with  CF  antigens  made  from  several  N^ 
n^nm£UWis_groups  or  strains. 

Recruits  known  to  have  become  infected  with  N.  meningitidis  strain 
Bo  during  recruit  training  show  equal  serological  responses  to  CF 
antigens  made  from  5  different  N.  meningitidis  groups  or  strains. 

Further,  4  recruits  who  were  admitted  to  the  hospital  with  clinical 
meningitis  also  seroconverted  equally  to  any  1  of  6  different  N^rr^nm^U^«_ 
CF  antigens.  Increase  in  CF  titer  (4-fold  or  greater)  to_^jnnejiii^iti5ii8_ 
correlated  significantly  with  acquisition  of  meningococcus  in  the  naso¬ 
pharynx  as  determined  by  bacterial  isolations. 
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all  Mcarttir  elMalfleaUM  af  Hm  lapait.  kiletta  wMaUiar 
“RaaMctaS  Data"  to  lartaiai  llatotol  to  to  ba  to  aeoat* 
aaea  artth  apaiajrlan  aacarllT  taetoallaaa, 

2a  OaOUP:  AolaaiaUc  to  ^aclftod  to  OeO  Ob 
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(1)  **Qaal Iliad  tapaaalata  Bay  abtato  eaptoa  d  Ibto 
tapaM  fcoai  DDC'* 

(2)  **racalei  aaaeaDcaaaal  aad  dtoaaatoaUaa  ot  thia 
lapait  by  DDC  to  aat  aatbortaad  ** 

(D  **U  a.  Oerawaid  ^aaclaa  say  abtato  eaptoa  a( 
Ibto  I  apart  dltaetly  boa  DDC.  Other  qaallBad  DDC 


a  KVOBTTrruti  Baiar  tba  eaa»lala  rrpatl  tlUa  la  all 
eapital  tattara.  TWaa  to  all  asaaa  abaald  ba  aaelaaaUlalk 
■  >*  aiaaalie^l  Ibto  eaaaal  ba  aalaetad  altbaal  claaalHea 
itoa  abaar  ibla  elaaalllcattoa  to  all  capbala  to  paraalbaala 
iMaaiHataly  fallawtap  tba  Wlak 

4.  DBKKIPTIVB  NOTBB  U  •dm  the  type  al 
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Oi«a  the  taclaaiva  dalaa  abaa  a  apeaWe  rapaitlap  parlad  to 
cerarad 

5.  AUTHOI((S)i  Balar  tba  aaaa(a)  al  aalbrKa)  aa  abeaai  aa 
or  to  Iba  rapart.  Balar  laal  aaaa,  drat  aaaw,  alddla  labial. 

II  Bdlbary,  abaar  raafe  aad  braarb  el  aerate*  Tba  aana  al 
tba  prtoei^  Mbhar  to  aa  abaelata  alalaBai  rapalfsaaab 

a.  HBPOBT  date:  Batar  tba  data  al  tba  rapart  aa  day, 
awotb,  year:  ar  ■oath,  yaaa  K  aare  tbaa  aaa  data  appaara 
OB  tba  rapart.  aaa  data  al  pabliealto* 

7a.  TOTAl.  NUiaBK  OT  PAOBOi  Tba  total  pm* 
abaald  lallaar  aoraial  paptaatlaa  proeadaaaa.  La.,  aator  the 
laiadrar  el  papaa  caaealalap  toferatoUa* 

7b.  NUIBBII  OF  BBFBKBNCBB  Balar  tba  talal  aartoar  el 
ralaraaeaa  ebad  la  Iba  rapart. 

Pa.  CONTRACT  OR  ORAHT  NUIBBR:  II  appraprtate,  aalar 
tba  applicaMa  aaabar  al  the  caaeaet  or  praal  aadar  adUeb 
Iba  rapart  area  irrtttaiL 

•b,  Ic.  b  Ml  PROJBCT  NUMBBR:  Balar  Iba  apprapriata 
aOUtary  daparfaat  IdaaUnealtoiL  aacb  aa  praJM  aaabar, 
aabpiajaet  aaabar,  ayataa  aaabata,  taab  aaabar,  ate. 

9a.  ORKUNATOR'S  REPORT  NOMBR«(«i  Balar  tba  alR. 
ctol  r^arl  aaabar  by  arbicb  Iba  dpcaaaai  wlU  ba  Idaallllad 
ato  eaauellad  by  tba  erlplaaltap  aellaRy.  TMa  aaabar  aael 
ba  aidpaa  la  Ibto  rapart. 

9b.  OrnR  REPORT  NUMBBRCVI  U  Iba  rapart  baa  baaa 
aaalpaad  aay  atbar  rapart  aaabara  laMbar  by  :ba  orlptoator 
or  by  Ibo  apaaaorl,  alao  aalar  Ibia  aaabai<a). 

Ifc  AVAILABIUTT/UIBTATION  HOTICBR  Balar  aay  Itoo 
batlaaa  aa  Itollar  dtaaaaitoatloa  ol  Iba  rapart,  atbar  tbaa  tbai 


(4)  **U.  B  ■Ullary  apaaelaa  aay  abtato  aaptoa  el  Ibto 
rapart  dbtaetly  bear  DDC  oibar  paallHad  aaara 


(9)  **AU  dlalribailoB  el  tbto  rapart  la  eaalieUad.  Qaal- 
Ifled  DDC  aaara  ahaU  rapaaat  tbreapb 


II  the  rapart  baa  baaa  Wralabad  to  Iba  OIRea  el  Tocbalcal 
taralaaa,  Daparfaid  el  Cewaiarra,  far  aalo  to  Iba  piMIe,  todb 
aaia  Ibto  laat  aad  aalar  Iba  prlea,  II  baaa* 

IL  WPPLBMBNTART  NOTOe  Vao  tor  addlUaad  a^aea. 
lory  Beta* 

IX  VONIORINO  mUTARY  ACnVTTTI  Balar  the  me  el 
Iba  dtoadeaalal  pre)aet  aIBca  or  laboratory  apaaaatlap  fpai^ 
lad  lar>  tba  raaaareb  aad  dardeyt  laelada  adReaa, 

IJ.  ABOTRACT:  Baler  aa  abatiael  plrlap  a  total  aad  belaal 
aanaiy  el  the  daeaaoat  todleallra  a(  the  rapart  e*aa  tbeapb 
It  aay  alaa  appear  elaaebaia  to  toe  bady  al  tba  taebalral  ra- 
pert.  II  additlepat  apaea  to  rapalrad,  a  eeattoaattaa  abael  aball 
ba  attoebad. 

It  to  bl|dily  daaliabla  that  Iba  ababaet  af  etoaalltod  reperta 
ba  aaetoealllad.  Baeb  paieypb  el  tob  abatraet  aball  aad  wlto 
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Itore,  aaeb  aa  apalpaaal  aadal  doaUpallaa.  irada  aaaw,  wlUtapr 
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